The Jarlskog rephasing invariant parameter J is evaluated using one of the six Unitarity Triangles involving well known CKM matrix elements |V ud |, |V us |, | V ub V cb |, |V cd |, |V cs | and |V cb |. With the PDG values of |V ud | etc., we obtain J = (2.582 ± 1.414) × 10 −5 . In the PDG representation of CKM matrix, this J is used to evaluate δ and consequently the CKM elements, which are in agreement with the PDG CKM matrix based on nine unitarity constraints. The range of δ at 68% C.L. of J comes out to be 17 o to 163 o .
The usual inputs for the analyses are the CP violating parameters, ǫ K and ǫ ′ K , as well as B o −B o mixing phenomenon besides unitarity of CKM matrix defined as
i=u,c,t
where Latin subscripts run over the up type quarks (u, c, t) and Greek ones run over the down type quarks (d, s, b) . These analyses have given considerable insight into the dynamics of CKM matrix elements and their consequences, in particular the unitarity triangle (UT) based analyses [4, 5] have considerably sharpened the relationship between the CP violation and B -decays. However, it is to be noted that in these analyses, the effect of unitarity, ǫ K and B o −B o mixing etc. on the CKM matrix elements is carried out simultaneously. In other words, the separate implications of unitarity, ǫ K and B o −B o mixing have not been studied, in particular, on such important quantities as CP violating phase δ and CKM matrix elements involving t quark. In view of the availability of rephasing the quark fields [2] , the CKM matrix has 36 representations, therefore it has been advocated in the literature that the analysis of CKM phenomenology should be carried out in a rephasing invariant manner [4, 6, 7] . In this context Jarlkog [7] has defined an interesting quantity J which is rephasing invariant as well as all CP violating effects within the CKM paradigm are proportional to it. Interestingly J is also directly related to the commutator of the quark mass matrices [7] which could provide valuable clues for searching the right texture for fermion mass matrices [8] .
In the very recent analyses, Parodi et al [9] and Mele [10] primarily concentrate on finding CKM parameters in the Wolfenstein parametrization [11] and the angles of unitarity triangle, while J. Swain et al [12] determine CKM parameters with and without unitarity. The latest PDG analysis [13] evaluates the CKM matrix elements using the measured CKM elements and the unitarity as implied by the nine equations given by (2) and (3). These analyses, however, have not been carried out in the rephasing invariant manner. As the non unitarity of CKM matrix would immediately imply physics beyond the SM, therefore an analysis wherein the consequences of unitarity are analysed in a rephasing invariant manner is very much in order.
The purpose of the present Rapid Communication is to evaluate J, based on non zero CP violation and on "limited" unitarity, for example, implied by the equation (2) when i = u, j = c. This is the only unitarity triangle out of the six implied by equations (2) and (3) with i = j and α = β, which involves well determined CKM matrix elements. After evaluating J, we use the PDG representations of V CKM to find CP violating phase δ and the elements of CKM matrix involving t quark. We also intend to examine the implications of present as well as future refinements in measured V CKM elements on fixing δ.
To begin with, we evaluate J, defined as [14] Im
In principle one can evaluate J using the above formula, however, in practice it does not help much as it involves CP violating phase δ, the least known CKM parameter. Therefore, for the purpose of our analysis, we exploited the relationship of J with the unitarity triangle. Out of the six possible unitarity triangles we have used the triangle expressed through the relation,
As mentioned earlier this triangle involves only those CKM elements which have been directly measured, consequently |J| can be evaluated through the relation, |J| = 2 × Area of the Unitarity T riangle.
For evaluating |J|, in table (1) we have given the PDG values of V CKM elements, |V ud |, |V us |, | V ub V cb |, |V cd |, |V cs | and |V cb |, as well as some of the more recently measured values. Also presented are "future values" which may be available in the near future.
Element PDG values [13] Latest values
0.0395 ± 0.0017 0.0404 ± 0.0012 [9] 0.0404 ± 0.0012 
Before proceeding further, it is to be noted that in the triangle mentioned above, two sides of the triangle viz. a = |V * ud V cd |, b = |V * us V cs | are of comparable lengths, while the third side c = |V * ub V cb | is very small compared to a and b. This creates complications for evaluating the area of the triangle without violating unitarity and the existence of CP violation. To avoid these complications we have used the constraints |a| + |c| > |b| and |b| + |c| > |a|. Using these constraints and the experimental data given in the table (1), we have generated a histogram shown in figure (1). In generating a histogram all inputs i.e. |V ud |, |V us |, | V ub V cb |, |V cd |, |V cs | and |V cb | are taken at their 3σ confidence level and is plotted with approximately 14000 entries. A Gaussian is fitted into the histogram shown in fig(1) , resulting in the following values for |J|, referred to as J Expt , |J Expt | = (2.582 ± 1.414) × 10 −5 (68%C.L.).
At 90% confidence level the range of J Expt is (0.263 − 4.901) × 10 −5 . This value of J Expt can now be used to calculate δ using the PDG representations of CKM matrix, for example, 
with c ij = cosθ ij and s ij = sinθ ij for the generation lables i, j = 1, 2, 3. In the above representation, J can be expressed as J = sinθ 12 sinθ 23 sinθ 13 cosθ 12 cosθ 23 cos 2 θ 13 sinδ.
Before evaluating |J|, we calculate sinθ 12 , sinθ 23 and sinθ 13 from the experimental values of |V ud |, |V us |, | V ub V cb |, |V cd |, |V cs | and |V cb | and their expressions in the standard parametrizations. In table (2), we present these values.
Parameter With PDG input [13] With latest values With "Future" values sinθ 12 0.2196 ± 0.0023 0.2196 ± 0.0023 0.2196 ± 0.0023 sinθ 23 0.0395 ± 0.0017 0.0404 ± 0.0012 [9] 0.0404 ± 0.0012 sinθ 13 0.0037 ± 0.0007 0.0038 ± 0.0006 [15] 0.0038 ± 0.0003 Table 2 : Sines of the mixing angles calculated from the data.
Using the experimental values of sinθ 12 , sinθ 23 and sinθ 13 at 3 σ confidence level, in figure (2) we have plotted J as a function of δ. J Expt and the calculated J in terms of mixing angles can be compared to put limits on δ. In this regard in figure (2), we have plotted the upper and lower limits of J Expt (68% C.L.) One can immediately see that the widest limits on δ are given by the lowest value of J Expt . From figure (2) we easily find the corresponding limits on δ, for example
Similarly, for J at 90% C.L., from figure (3), we get the following range for δ,
These values of δ are consequences of the unitarity of the CKM matrix. Alternatively, using equation (9), one can find out the valid range of δ for different values of J. For example, for the lower limit of J at 90% C.L. in figure (1) , i.e. for J=0.263 ×10 −5 , we find that the possible values of δ which reproduce this value of |J| lie in the range 12 o to 168 o for the full variation (at 3σ C.L.) of all other parameters i.e. sines and cosines of mixing angles. Similarly, for the lower limit of J at 68% C.L. in figure (1), we find that the possible values of δ lie in the range 3 o to 177 o . When this process is carried out for other possible values of J Expt , the resultant range of δ comes out to be in agreement with the ranges given in equations (10) and (11) respectively.
For the sake of comparison of our calculations with the PDG results, we have evaluated the CKM matrix elements using the experimental values of sines of mixing angles at their 90% C.L. and δ at 90% C.L. of J Expt . The calculated V CKM matrix is, 
To facilitate the comparison, we present below the V CKM from the PDG also calculated at 90% C.L., but using all the nine equations implied by (2) and (3). 
Comparing (12) and (13), one finds that we have been able to reproduce PDG matrix, however a closer scrutiny of our results reveals that we have sharpened the range of several matrix elements, particularly in the case of |V td | and |V ts |. While comparing our results with PDG values it should be borne in mind that our results are based on only one of the unitarity conditions expressed through equations (2) and (3) while the PDG analysis is based on all the nine unitarity constraints. Further we have been able to calculate J and δ based entirely on the data and unitarity. It also needs to be emphasized that apart from calculating J, the present analysis facilitates the calculations of CKM matrix with much less input and with added advantage of finding J Expt and the range of CP violating phase δ.
After having evaluated |J Expt |, δ and |V td | using the existing data, it becomes interesting to study the implications of recent improvements regarding | V ub V cb | [15] and |V cb | [9] on above mentioned quantities. In the same spirit, it is desirable to examine the impact of "future" refinements in | V ub V cb | and |V cs | on |J Expt |, δ and |V td | etc.
To this end, we have evaluated J and δ with the recent values and "future" values of CKM elements listed in column III and IV of table (1) respectively. In table (2) 
It needs to be emphasized that the range of δ given corresponds to the mentioned C.L. of |J Expt | as discussed in the text.
The resultant CKM matrix at 90% C. L. comes out to be; 
Similarly, J and δ values corresponding to "future" |V cs | and | V ub V cb | are as follows,
Examining (7), (10), (14) and (16) carefully, we find that the ranges of |J Expt | and consequently of δ become somewhat narrower when the latest values of | V ub V cb | and |V cb | are used. Further narrowing in |J Expt | and δ occurs if we use "future" values of CKM elements. The change in the central value of |J Expt | could be attributed to the similar changes in the | V ub V cb | and |V cb |. Comparing the CKM matrices (12), (13) , (15) and (17) we find that the |V CKM | matrix elements do not show much variation when the latest [9, 15] or the "future" values are used. The small changes in the elements |V td | and |V ts | are not primarily due to change in the range of δ, but due to overall changes in all the input parameters. This probably restricts the use of unitarity in evaluating the |V CKM | elements involving t quark.
In conclusion, we would like to mention that using only one of the six unitarity triangles, we have evaluated Jarlskog rephasing invariant parameter J and consequently δ. Using this range of δ we have been able to reproduce the PDG matrix at 90% C.L. evaluated by PDG group using all the nine unitarity equations and also in constraining the range of |V td |. Our calculations also indicate that improvements and further refinements in V CKM elements |V cs | and | V ub V cb | would not have much impact on V CKM elements involving t quark, therefore, their range can be narrowed only by direct measurement of δ. It needs to be mentioned that an evaluation of J based on data is going to have important implications for texture specific mass matrices as the parameter J is directly related to the mass matrices, for example,
Our conclusions in this regard would be published elsewhere. 
